There are approximately 700 lower limb amputations performed throughout Scotland each year. A national system of survey and analysis conducted by the Scottish Physiotherapy Amputee Research Group (SPARG) provides information on these patients up until discharge from hospital. However, there has been no method of collecting long-term functional and prosthetic use information following discharge.
Introduction
The increased emphasis on evidence-based practice and clinical audit throughout the health service is now clearly recognised (Department of Health, 1996) . Valid and reliable outcome measures can support evidence-based practice by quantifying the effect of a given intervention or intervention package on patient care. There are approximately 700 primary amputations involving the lower limb every year in Scotland, the majority of which are either trans-tibial or trans-femoral (Condie et al, 1996) . The functional assessment of lower limb amputees is of particular importance because much of the rehabilitation process for this client group is concerned with improving mobility and personal independence.
The Scottish Physiotherapy Amputee Research Group (SPARG) is a well-established network comprising senior physiotherapists from all the major amputating hospitals throughout Scotland and senior representatives from associated organisations. SPARG has routinely evaluated physiotherapy practices in amputee rehabilitation since 1992 to ensure and improve the quality of care.
The group has developed and implemented a national, standardised system of information collection and analysis for lower limb amputees in Scotland (Condie et al, 1996) . This system collects information about the patient, the amputation and the programme of rehabilitation received by each amputee up to the point of discharge from hospital. Further, the system is part of an on-going audit of care received by lower limb amputees throughout Scotland, providing a comprehensive and unique database.
Until recently, there was no satisfactory specific measure available for assessing functional outcome in lower limb amputees. As a result, more general-purpose measures have been used, but various problems have been encountered with these. SPARG has investigated three measures of functional outcome for assessing lower limb amputees: the Barthel Index, Russek's Classification and the Locomotor Capabilities Index (LCI). . The Barthel Index was found to have very poor sensitivity when used with amputees and although Russek's classification was designed for use with lower limb amputees, and demonstrated significant differences across age and level of amputation, the six-point scale required a large number of patients to achieve this. The LCI, however, proved to be a valid, reliable and sensitive outcome measure for use with lower limb amputees. This index is a self-standing 14-point measure that was developed in order to trace a comprehensive profile of locomotor capabilities in lower limb amputees fitted with a prosthesis and to determine the level of independence while performing certain activities. The LCI has been incorporated into the routine data collection and analysis of SPARG from October 1996 onwards. As a result, essentially all lower limb amputees in Scotland who receive a prosthesis have their functional status recorded. This evaluation assesses function at final out-patient discharge and retrospectively for both six months preadmission and at in-patient discharge.
The LCI is part of a more detailed assessment measure called the Prosthetic Profile of the Amputee Questionnaire (PPA), which was designed by Christiane Gauthier-Gagnon and colleagues at the University of Montreal (Grise et al, 1993) . The PPA questionnaire in its entirety is a comprehensive measure that was tailored for use with a Canadian lower limb amputee population. This instrument is used as a post-rehabilitation follow-up questionnaire to assess prosthetic use and measure factors that may influence the extent of this use. The measure has been shown to demonstrate face validity and construct validity as well as testretest reliability with a Canadian population (Gauthier-Gagnon and Grise, 1994) .
Little is known of the long-term functional outcome of Scottish amputees after they have been discharged from the rehabilitation centre. This is despite the fact that the need for continued post-discharge monitoring to ensure that amputees have the adequate support required to compensate for diminishing functional abilities has been known for some time (Holden and Fernie, 1987) . Furthermore, there is no clear knowledge of the level of use or disuse of a prosthesis following discharge from the rehabilitation centre or of the typical problems encountered by an amputee at home or in the community. Equally, little is known of the impact different programmes of rehabilitation may have on long-term function or of factors that may predict successful long-term use of the prescribed prosthesis.
Recognising the need for a long-term postdischarge assessment of function and prosthetic use in lower limb amputees, and the absence of a suitably valid and reliable instrument for such an assessment, SPARG initiated a project to address this problem in Scotland. The PPA questionnaire, comprising 44 questions, was deemed by SPARG's peer review panel to take too long for the average elderly Scottish amputee to complete. The result was the development of a 14-question assessment measure known as the Functional Measure for Amputees (FMA), which is based on the PPA questionnaire, and the implementation of a testretest reliability study of the new measure at seven amputating hospitals throughout Scotland (Sockalingam et al, 1998) .
Analysis of data from this 1998 study demonstrated good test-retest reliability for the majority of questions on the FMA. However, question 5 (What prevents use -indoors) and question 7 (What prevents use -outdoors) showed poor reliability due to the large number of items offered in the response sets to explain non-use. Also, question 11 (Stopped prosthetic use -when) and question 12 (Stopped prosthetic use -why) returned insufficient responses to conduct a meaningful analysis. An extension study was, therefore, initiated to extend and conclude the reliability testing on all elements of the FMA questionnaire. Data from the Sockalingam et al. (1998) study have been combined with data from the subsequent extension study in order to assess the test-retest reliability of all questions on the FMA questionnaire and the results are reported in this paper.
Objectives
To increase the statistical power for determining the test-retest reliability of the questions comprising the Functional Measure for Amputees (FMA) by extending the study from 7 to 12 hospitals.
Method

Construction of the FMA
The FMA questionnaire contains 14 questions and was modelled on the postal version of the PPA questionnaire. SPARG's peer review panel, comprising all 30 members, selected 12 questions from the PPA, supporting its content validity. Question selection was essentially driven by the needs of the Scottish amputee community and rehabilitation system. Via the consensus of the review panel it was decided to develop and add two further questions to the measure. A question assessing how the amputee's interests and hobbies may have been affected by their prosthesis was developed (question 13), as there was no suitable question on the PPA for such an assessment, and an open-ended question was included inviting any other comments (question 14). The FMA questionnaire is summarised in Table 2 .
In accordance with recommendations made after the first year of the study, minor modifications were made to certain questions in an effort to improve their reliability. The response sets of question 5 (What prevents use -indoors) and question 7 (What prevents useoutdoors) were narrowed and an item was added at the beginning of both questions, which invited respondents to move on to the next question if they 'always' wore their prosthesis to move around. In addition, a 'comments' section was included after each item to gather qualitative data. Also, question 8 originally assessed walking distances in terms of both 'steps' and 'yards', however, these were converted to the single measure of 'paces' for the extension study so as to clarify and standardise the response set.
Participants
Data received from participants who were recruited to year one of the study (N=63) have been combined with data received from participants recruited to the extension study (N=70) for the purpose of the reliability analyses, giving a total sample size of 133 participants. Amputees participating in the study were required to be sixteen years of age or older and fluent in English. They had to be unilateral trans-tibial amputees who had been fitted with a prosthesis and discharged into the community for at least one year post-discharge from rehabilitation therapy. Lower limb trans-femoral and bilateral amputees were excluded to make the study sample more homogeneous and to avoid the inclusion of amputees participating in a concurrent SPARG study. Upper limb amputees were also excluded, as such individuals may be restricted from using technical aids for walking. Amputees eligible for inclusion in the study were identified using the SPARG database system. In addition to meeting the inclusion criteria, amputees were required to have been discharged from one of the 12 participating rehabilitation centres.
Procedure
Dillman's strategy for the postal administration of questionnaires was adopted to test the reliability of the FMA questionnaire (Dillman, 1978) . This design requires that two identical questionnaires be mailed to participants four weeks apart. The four week interval is considered long enough to minimise carry-over effects and short enough to expect that a participant's functional status would remain stable. After each mailing, non-responding participants were sent a postal reminder letter after three weeks.
Data analysis
Differences in selected socio-demographic and clinical data variables between those consenting to complete the questionnaire (consenters) and those refusing (non-consenters) were calculated in order to test for evidence of sample bias. Such data are recorded for all amputees in Scotland on the SPARG national audit database. Continuous data were compared using a Two-Sample t-test and categorical data were compared using the Chi-Square Test. Data from the returned questionnaires were entered onto a spreadsheet using custom FMA software. To determine the test-retest reliability of the FMA, intraclass correlation coefficients (ICC) were calculated for questions on which the response set used continuous data, and percentage agreements were calculated for those using categorical data. Cohen's Kappa was not used because it is known to be unsuitable for analysing data with an uneven distribution (Altman, 1991) and an earlier study (Sockalingham et al, 1998) had shown that the reliability data for the FMA had such a distribution. Weighted Kappa can be used for asymmetrical weights, however, the data collected were systematically weighted and thus Kappa did not apply.
Results
Study Sample
Three hundred and ninety (390) amputees from 12 hospitals were initially identified as being suitable for inclusion in the study. Of these, 8 were subsequently found to have recently died, while 9 had recently become bilateral amputees and 14 were lost to follow-up. Information sheets and consent forms were sent to the remaining 359 amputees of whom 155 consented to take part, giving a consent rate of 43%. Of these consenting amputees, 143 completed the first FMA, while 133 completed the second FMA. This resulted in 133 sets of FMA questionnaires being available to analyse the test-retest reliability of the measure, giving a sample rate of 37%.
Due to the relatively low consent rate (43%) socio-demographic and clinical characteristics of both the consenting and non-consenting amputees were compared to test for evidence of sample bias. These data are presented in Table 1 . The average age of consenters was 68 (range=16-101, SD=16.14), while that for nonconsenters was 71 (range= 17-92, SD= 14.60). Seventy-two percent (72%) of consenters were male, while 67% of non-consenters were male. Peripheral Vascular Disease (PVD), with or without diabetes, constituted the primary cause of amputation for both consenters (83%) and non-consenters (90%). Social deprivation categories were assessed for both consenting and non-consenting amputees. This is an area-based measure calculated at postcode sector level and is derived from four census variables: overcrowding, male unemployment, social class and car ownership. These items are combined to create a composite score ranging from very low (category 1) to very high social deprivation (category 7) (Carstairs and Morris, 1991). The largest percentage of both consenters (27%) and non-consenters (27%) resided in areas classified under social deprivation category four. There were no significant differences between consenters and non-consenters for each of age (T-Value=-1.73, p=0.08), sex (Chi-Sq=0.92, p=0.34), cause of amputation (Chi-Sq=7.34, p=0.06) and social deprivation category (Chi-Sq=0.75, p=0.99).
Test-retest reliability
Reliability results are shown in Table 2 . There were four calculations for continuous data items. An ICC value of 0.74 (p<0.001) was obtained when comparing LCI scores between the two sets of questionnaires. ICC values for comparing average prosthetic use per day in hours (0.85), average prosthetic use per week in days (0.96) and average number of falls over 1 month (0.64) between both sets of questionnaires are also presented (all p < 0.001).
The stability of each individual categorical data item was assessed using a percentage agreement calculation. The average percentage agreement was then calculated for each categorical data question on the questionnaire. The average percentage agreement was over 70% for seven items, between 40% and 70% for three items and between 20% and 40% for the remaining three items.
Mindful of changes made to question 5 (What prevents use -indoors) and question 7 (What prevents use -outdoors) following recommendations made after the first year of the study, reliability data from the first and second year of the study were compared in order to test for significant differences in percentage agreements that may have occurred as a result of redesigning these questions. No significant differences were found between the two sets of scores using a Two-Sample t-test (T-Value=-0.41, p=0.69) and (T-Value=-0.36, p=0.72) respectively, suggesting that changing elements of questions 5 and 7 for the extension study did not significantly alter their reliability. Since the two sets of data showed no significant differences, the data were combined. Average percentage agreements of 50% and 39% were obtained respectively using the combined data. Other comments ICC n/a 0.74 n/a 0.85 0.96 n/a n/a n/a n/a n/a 0.64 n/a n/a n/a n/a n/a n/a 
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Question 11 (Stopped prosthetic use -when) and question 12 (Stopped prosthetic use -why) gave percentage agreements of 71% (N=7) and 20% (N=10) respectively. However, these results should be treated with some caution given the low number of total responses on both questions.
Question 13 (Activities) contains a six-point nominal scale. However, the items on this scale are not mutually exclusive and were, therefore, treated as six separate questions using a simple two-point (yes/no) response set. Total percentage agreements ranged from 25% to 52%, and the average percentage agreement was 35% when combining the six items within this question.
Discussion
The four continuous data items on the FMA questionnaire gave ICC values that indicate moderate to excellent test-retest agreements beyond that predicted by chance between the two sets of questionnaires (Portney and Watkins, 1993) . Furthermore, the majority of the thirteen categorical data items on the FMA questionnaire were found to be moderately reliable in terms of stability during the successive follow-up postal administrations. It should be noted, however, that the percentage agreement calculations might potentially be an overestimate of true reliability, given the limitation of such statistics to correct for those agreements that may have occurred by chance alone.
The current study has highlighted that some questions on the measure may be further improved by modifications. These are as follows:
The 3-point response sets for questions 3 (Movement inside house -mode) and 6 (Movement outside house -mode) are currently in the following format:
(Almost None / Half / Almost All) However, as it is reasonable to assume that either no displacements or all displacements may be performed using one particular method, the authors would suggest adding a 'None' and 'All' option to either end of the current response set to make it a balanced and valid 5-point ordinal scale as follows:
(None / Almost None / Half / Almost All / All) Alternatively, a 5-point ratio scale, as appears in the original PPA questionnaire, could be used as follows:
(0% / 25% / 50% / 75% / 100%) For question 5 (What prevents use -indoors) and question 7 (What prevents use -outdoors), the SPARG peer review panel had recommended that the term "using" [the prosthesis] be replaced by the term "wearing" [the prosthesis]. The authors would, however, recommend replacing the term "wearing" with "using" in these questions -as they appear in the PPA questionnaire -as a distinction between the two terms can be made in that a person may wear the prosthesis and not use it (e.g., 'wears' the prosthesis for cosmesis and moves around in a wheelchair), whereas another person 'uses' it to move around. There is a large number of possible reasons why an amputee might not use their prosthesis at home or outside. A long list of allowed responses is, therefore, necessary for questions 5 and 7, although this will always be at the expense of high test-retest reliability. Condensing and removing items on the response sets did not significantly improve the reliability of these questions as was hoped. The authors would, therefore, suggest returning these questions to their original status, as in the PPA questionnaire. They will still be useful for gathering qualitative data.
The relatively low percentage agreement calculation for question 8 (Walking distance) may reflect the distances offered in the response set which are short and somewhat close together in length between the six items. This is difficult to avoid, however, because items representing longer distances would be invalid for measuring the walking distance of the average Scottish amputee, who is generally unable to walk long distances with a prosthesis due to their advanced age and additional health problems.
SPARG members concur that the low response rates on question 11 (Stopped prosthetic usewhen) and 12 (Stopped prosthetic use -why) may be due to a combination of two significant factors: a) there is a large number of amputees who do actually wear their prosthesis on a regular basis and b) there is a large number of amputees who do not wish to report the non-use of their prosthesis, given that substantial time, effort and resources were involved in their rehabilitation and limb fitting. This issue warrants further investigation because if non-consenters are, in the main, nonusers of their prosthesis, then substantial time, effort and resources expended by both the health service and by the amputees themselves may have gone into the rehabilitation and limb-fitting of lower limb amputees to little effect. Furthermore, perhaps these individuals would benefit from nonprosthetic rehabilitation aimed at improving adaptive and coping skills without a prosthesis rather than being exposed to a lengthy and arduous course of therapy with a prosthesis.
In order to improve the reliability of question 13 (Activities) the authors would recommend redesigning the question in such a way so as to yield an index score, similar to the LCI, representing the extent to which amputees' hobbies and interests have been affected by their amputation and prosthetic use. This development process would entail considerable time and effort, but could result in a useful, valid and reliable independent measure, which would be of value to researchers and healthcare staff interested in assessing amputees on this construct. In its present format the question may be used to gather descriptive information at best.
Finally, although the FMA questionnaire does not yield an overall index score representing an amputee's level of function, it offers a series of individual questions that can be used to: a) assess levels of mobility, independence and extent of prosthetic use and b) identify factors that may influence these outcomes.
Conclusions
1. The four continuous data items on the FMA showed moderate to excellent reliability. 2. Categorical data items showed reliability of over 70% for seven items, between 40% and 70% for 3 items and between 20% and 40% for the remaining three items. 3. Modifications should be made to some response sets. 4. Question 13 (Activities) should be redeveloped to make it more reliable.
Future work
The monitoring of long-term functional ability and prosthetic use raises the prospect of being able to link elements of acute rehabilitation care to long-term outcomes. This will provide some much needed information about long-term clinical effectiveness and give a more evidencebased foundation to aspects of amputee rehabilitation.
It is the intention of SPARG to incorporate the FMA into its existing national audit database system in order to facilitate the routine collection and analysis of long-term functional and prosthetic use data relating to all lower limb amputees in Scotland. The functional progress and prosthetic use of limb-fitted amputees can then be monitored from discharge until death. The Rehabilitation Technology Information Service (ReTIS) network in Scotland, of which SPARG is an integral part, is currently developing FMA data entry and analysis software for this purpose. Once these objectives have been achieved, a clearer national picture of the functional abilities and prosthetic use of lower limb amputees discharged into the community will appear, which will in turn help to improve rehabilitation programmes as well as follow-up health care services offered to this group of patients.
